Technologies for application of titanium metal in a seawater environment have made remarkable progress in the last four decades. This is due to intensive research and developmental work in the laboratory and field as well as to long-term service trials, which have generated an exhaustive corrosion databank that has created enough confidence to permit users to switch over to a new construction material. Energy and materials will be of major concern to mankind during the next century. Energy efficient materials like titanium will, therefore receive greater attention. Development of a cheaper extraction process for commercial use will play a key role in making titanium one of the future materials of the twenty-first century.
INTRODUCTION

Background
In the 1950's, a wonder metal called titanium burst upon the industrial scene due to its high strength to weight ratio which made it a good replacement for the then-existing light alloys in the production of air frame and gas turbine engine components. Since the primary However, titanium sponge production increased in 1988 by 25% in the USA and 64% in Japan over that in 1987 due to diversification in application /2/.
Objective and Scope
The following aspects of titanium and its alloys will be covered in this review with its sea-water applications in view: The +4 oxidation state is the most stable as in dioxide TiC>2· a white pigment used in paint, and tetrachloride TiCl4, a liquid used for production of titanium metal either by reduction with Mg (Kroll process) or Na (Hunter process).
In the EMF series, titanium is classified as an active metal Tl ++ + 2 e -> Eq = -1.63 V
TKD2 + 4H+ +4e->ΤΙ + 2Η2θ Eo = -0.86V (2) However, it behaves as a passive metal due to the presence of a highly protective oxide film.
The nature, composition and thickness of the protective surface oxide film depend upon environmental conditions. This film is less than 10 nm thick: hence, it is invisible to the eye and is a highly effective barrier.
Furthermore, T1O2 film is an η-type semiconductor and therefore possesses electronic conductivity. Hence as a cathode it permits reduction of ion in an aqueous electrolyte. On the other hand, this passive oxide film has a very high resistance to anodic flow or dissolution.
Physical Properties /3,4/
Titanium is a low density metal (4.54 compared to 7.85 of steel) which can be highly strengthened by alloying and work hardening. It is non-magnetic and has fairly good heat transfer properties compared to Vol. 11, Νos. 1-4, 1993 stainless steel, though less than that of copper (Table 2) .
Its thermal expansion coefficient is lower than that of steels and less than half that of aluminium (Table 2 ). Ti (m.pt. 1668°C) and its alloys have a higher melting point than that of steels, but maximum useful temperature for structural applications generally range from 800°F to 1000°F (427°C to 538°C) as the metal absorbs gaseous impurities like oxygen and nitrogen from the air and becomes brittle. 
Alloys of Titanium
Pure titanium has two allotropic forms, the low temperature, hexagonal close packed (hep) a phase and the high temperature body-centered cubic (bcc) β phase with a transition temperature of 882°C.
Nearly The type and concentration of alloying elements affect the equilibrium constitution of the titanium alloys by preferentially stabilising one or the other of the two allotropic forms. Alloying also affects the kinetics of decomposition of the elevated temperature β phase. The resulting micro-structure has a strong effect on properties. Thus alloying also affects the properties of titanium alloys by influencing the evolution of the microstructure.
Extensive research has been done on the development of "tailor made" commercial titanium alloys.
Amongst the hundreds of alloys formulated and developed, about 30 commercial and semicommerclal grades of titanium and its alloys ( H-6A1-4V alloy (ASTM grade 5) is the most widely used titanium alloy, accounting for 45% of production.
Unalloyed grades, popularly known as commercially pure C.P. titanium (ASTM grades 1, 2, 3, 4 and 7) used mostly for corrosion resistant applications, comprise about 30% of production and all other alloys combined constitute the remaining 25%.
C.P.T1 (ASTM grades 1, 2, 3, 4 and 7) and the 2 near a alloys (ASTM grade 12 and ASTM grade 9) as well as the -α-β alloy ASTM grade 5 CT1-6A1-4V) are the 8 alloys of primary concern for corrosion resistant applications CTables 3,4).
CORROSION RESISTANCE OF Ti AND ITS ALLOYS
General
The Pourbaix diagram for titanium-water system
(potentlal-pH) shows the thermodynamic passive region (Fig. 1 Mechanical properties given for annealed condition may be solution treated and aged to increase strength c)
Mechanical properties given for solution treated and aged condition, normally not used in annealed condition. Properties may be sensitive to section size and processes d)
Primarily a tubing alloy, may be cold drawn to increase strength mine environments, where nuclear waste might be buried.
Thirty percent of titanium consumption is in corrosion resistant applications. The metal is resistant to corrosion attack in oxidising, neutral and inhibited reducing acid as well as oxidising environments like nitric acid, FeCl3 and CuCl2 solutions and wet chloride gas.
Reducing acids like HC 1 and H2SO4 are inhibited with oxidising inhibitors, whereas organic acids require only a small amount of water to inhibit corrosion.
Corrosion Resistance of Titanium in Sea-
Water/5-9/ "Π and its alloys exhibit negligible corrosion rate in sea-water and all neutral waters and stream to a temperature as high as 260°C ( 
Corrosion Problems of Titanium and Preventive Measures
Titanium with a stable passivity over a wide range of temperature potential and chloride environments, however, suffers from pitting, crevice corrosion, hydrogen absorption, stress corrosion cracking, corrosion fatigue as well as from general corrosion whenever the oxide film is breached or removed.
General corrosion: Titanium corrodes very rapidly in an acid/fluoride environment. It is also attacked by boiling
HCl or H2SO4 at a concentration above 1 p.c. and at room temperature above 10 wt% acid concentration.
Titanium is also attacked by hot caustic solutions, phosphoric acid solutions (above 25 wt.p.c. concentration), boiling AICI3 (concentration above 10 wt%), dry chlorine gas, anhydrous ammonia and dry hydrogen -hydrogen sulphide mixture above 150°C. /13/. 
Use of Titanium and its Alloys in Sea-Water Service
Concentration of NaCl Alloy composition:
Critical pH values for crevice corrosion of commercial Ti and its alloys in hot NaCl brines at 90°C are shown in Table 9 .
Effects of pH and temperature on different grades of titanium are shown in Wall thickness, mm Titanium has an erosion resistance due to steam droplets, which is much higher than that of copper alloys and almost equal to stainless steel.
Hydrogen absorption: Hydrogen absorption by titanium heat exchangers was experienced with titanium tubing when used with copper alloy tube plate or when excessive cathodic protection was applied to the tube ends. This is, however, unnecessary for titanium tubes. In the eddy current method, the frequency is raised from 
Hydrogen absorption: Titanium may absorb hydrogen if it is excessively cathodically polarised in sea-water. The critical potential for hydrogen absorption by titanium in sea-water is -0.75 V (SCE) at 25°C and -0.65 V (SCE) at 100°C (Fig. 8) .
Galvanic In oil and gas refinery applications, titanium is suitable in environments of H2S. SO2, CO2, NH3, steam and cooling water. It is used in heat exchangers, condensers for fractional condensation of crude hydrocarbons, propane and desulphurisation products using sea-water or brackish water for cooling.
High strength titanium alloy for sea-water systems /23/:
The strength of titanium alloy is to be increased to the 
Miscellaneous Application of Titanium and its Alloys in an Allied Environment
Due to continuous efforts made in the last four decades after titanium was first commercially produced, applications of titanium and its alloys have been developed in a large number of fields as seen in Table 17 . 
TRANSPORT
Driven wheelsets for highspeed trains, wheel tyres.
PRINTING PRESSES AND LOOMS
Fast moving parts with anti-wear protective coatings (e.g. high speed line printer).
NUCLEAR WASTE DISPOSAL
Plate and shell fabrication.
MEMORY ALLOYS
Springs, flanges, made of Ni Ti alloys.
SUPERCONDUCTORS
Wire rod of Nb Ti alloys for the manufacture of powerful electro magnets (used at about absolute zero), rotors for super conductive generators.
HYDROGEN STORAGE AND HANDLING
Ti Fe and Ti Mn granules.
MISCELLANEOUS
Fan blades, cutting implements, scissors, knife, pliers, musical instruments, bells, pens, name plates, telephone relay mechanism, ocean lines breathing apparatus, pollution control equipments, titanium-lines large vessels for salt-bath nitride treatment of steel products, ultra centrifuge rotors. Another possible major use of titanium tubing would be the ocean thermal energy scheme which makes use of temperature gradients in the sea to generate energy.
Should titanium eventually be selected as the heat exchanger material -it has performed excellently in tests to date -very large quantities of the tube would be required.
Container for radioactive waste: Titanium is considered to be a suitable candidate material for fabrication of containers to store radioactive wastes for a long period of time, up to 1000 years. It is estimated that about 20,000 TPY of TiC>2 pigments and 16,000 tons of synthetic rutile are produced in India. In addition, the country imports about 25,000 TPY of TiC>2 pigment. A major portion of the pigment produced/imported is used by the paint industiy.
Sponge-Ingot Metal Products
The 
